tions.
It is concluded from these results that the solar dipole magnetic field mentioned above does not exist between the sun and the earth as it is since the existence of this field can not explain phenomena of the cosmic ray unusual increases associated with the large solar flares observed five times during the past. Therefore, although the magnetic field extending from the polar regions into the outer space is regarded as closing each other in this space, the features of this field may be remarkably different from the dipole character. Then, a probable configuration in the interplanetary space of the solar general magnetic field is introduced and discussed.
Introduction
During the past twenty years, the cosmic ray unusual increases have been observed five times. Although the details of the large sudden intensity increases of cosmic rays have not yet been solved, it has been believed that the cosmic ray particles produced by the acceleration mechanisms which act most effectively on the sun or its neighbourhood propagate into the interplanetary space and then arrive at the earth.
These so-called solar cosmic rays propagate into the interplanetary space, but when they pass through the earth's orbit, a part of them impinge to the earth by the interaction with the earth's magnetic field. In the initial stage of the cosmic ray intensity increases, the observation of the incident cosmic ray particles shows the remarkable anisotropy since the rate of the increases at each observatory is considerably different from each other. This can not be expected if the distribution of the solar cosmic rays outside of the earth's magnetic field is isotropic.
With respect to the causes of such anisotropies, Schluter (1951) and Firor (1954) and others have carried out the extensive calculations and analysed the observed results (21) and then interpreted that the most part of the solar cosmic rays arrive from the directions of the solar neighbourhood and then impinge to the earth under the influence of the earth's magnetic field, producing the so-called impact zones and the background zones.
From the good agreement between the theoretical calculations and the observed results (Firor, 1954) , it has been made clear that the unusual increases of the cosmic ray intensity are the solar origin and concluded that the productions of the cosmic ray particles may really occur near the sun on the occasions of the flares. According to the statistical investigation by Firor (1954) , it is also clear that the cosmic ray particles are generated near the sun in these cases of the moderate flares (importance 1 or 2) though the increasing rate is small. The existence of the magnetic fields other than the earth's is not taken into account in the solar cosmic rays incident to the earth;
generally the calculations of the solar cosmic ray orbits had been carried out based on the assumption that these cosmic ray particles produced on the sun do not experience any electromagnetic influences till they approach the neighbourhood of the earth (Firor, 1954; Jory, 1956; Lust, 1957; Lust and Simpson, 1957; Lust 1958) . Since the existence of the impact zones or the background zones deduced from the calculations based on the above mentioned assumptions and the spread of the apparent cosmic ray source seen from the earth are good agreed with the observed facts, it may be expected that the influence on the solar cosmic rays of the magnetic fields which may exist between the sun and the earth is negligible at most. From such point of view, it may inversely be searched the properties of the magnetic fields which are thought to exist between the sun and the earth, or more generally in the interplanetary space.
According to the recent observations by the solar magnetogram, there are magnetic
The magnetic field produced from this dipole moment would spread out from the solar neighbourhood into the outer space and perhaps its lines of force would close through the space around the sun since div H=0.
There is no evidence that the magnetic field produced from the dipole spreads into the interplanetary space as it is even if this field is the Bipolar in the both polar regions. Especially, as it is clear that sunspots appear in the lower heliographic latitude Curbed, it must be investigated the features and the properties of these magnetic fields and their spread into the interplanetary space.
While, before the results of the observations by the solar magnetogram had been published, Treiman (1954) has estimated the magnitude of the dipole magnetic moment of the sun which did not conflict with the observations of the solar cosmic rays under the existence of the dipole magnetic field of the sun. After he had assumed that the cosmic ray particles are originated and accelerated in the neighbourhood of the sun, i.e. within the sphere with radius 1/5 a.u., and thereafter these high energy particles propagate into the interplanetary space, and that the solar magnetic fields are violently disturbed within this sphere, but outside this sphere the dipole magnetic field of the sun is predominant, he has estimated the upper limit of that dipole moment with the results of the analysis by Firor (1954) . The result obtained by him is in good agreement with the present observations by Babcock et. al. (1955; . In this paper, we shall examine the orbits of the solar cosmic ray particles in the dipole magnetic field of the sun in detail as possible, in relation to the studies by Treiman (1954) In this section, we will study the motions of the cosmic ray particles in the dipole magnetic field of the sun based on the observed facts and some additive assumptions and then obtain their orbits.
A. Fundamental Observed Facts
As descrived in section 1, there is an evidence that the sun has the magnetic field of the dipole character in the higher latitude regions. At present, it is not clear whether its magnetic lines of force maintain the dipole character itself and spread into the outer space surrounding the sun. Then, from the hydromagnetic point of view, it may be inferred that the magnetic field is much deformed. On the other hand, a consideration on the configurations of the magnetic fields around the sun has been discussed (Gold, 1958) .
From the features of the polar rays seen above the higher latitude regions in the solar corona, it is enforced to infer that the magnetic field of the dipole character are accelerated to cosmic ray energies, it has been shown that the cosmic ray particles are generated from some acceleration mechanisms in the neighbourhood of the sun and then propagate into the interplanetary space (Hayakawa and Kitao, 1956; Parker, 1957) .
The solar cosmic ray particles generated by some acceleration mechanisms propagate into the interplanetary space from the solar neighbourhood and move into the outer space as experiencing scattering or trapping by the magnetic fields which are supposed to exist in the interplanetary space; and then, a part of these particles arrive at the earth under the influence of the earth's magnetic field. The observed features of the solar cosmic rays incident to the earth are in agreement with the theoretical calculations, and especially the cosmic ray particles impinge to the impact zones predominant at the beginning of the increases, that is, the solar cosmic rays approach the earth from the directions of the solar neighbourhood. If we assume the spread of the observed facts. Whether the spread of the source angles is apparent or not is now not clear, but we will discuss these problems in section 4. In the interpretations descrived above, it must, of course, be taken into account that the solar cosmic ray particles interact with the magnetic fields distributed in the surroundings of the sun.
B. Assumptions for the Calculations
Treiman (1954) assumed that the magnetic fields of the sun are turbulent chaotic within the sphere with the radius 1/5 a.u. from the sun and that the cosmic rays generated within this sphere move randomly and diffuse to the outer space. The existence of the turbulent magnetic regions in the solar neighbourhood have already been inferred by Sekido and Murakami (1955) and Lust and Simpson (1957) from the investigations on the solar cosmic rays in the different ways from Treiman's.
Here, we will use the same assumptions as Treiman's about the outside of the sphere descrived above, that is, the dipole magnetic field would be predominant outside that sphere. The direction of the solar dipole is opposite to that of the earth and the to what directions the cosmic ray particles produced at the sun move after they have been emitted from this sphere surface. The reason why we adopt such a model is due to the fact that the cosmic rays with the order of energy which the solar flares produce can not leave from the dipole magnetic field of the sun (see Appendix). Therefore, the solar cosmic rays should diffuse outward through the turbulent sphere at first and they should begin to experience the actions of the dipole magnetic field outside the sphere.
We calculate the orbits of the solar cosmic ray particles in the dipole magnetic field of the sun with the assumptions descrived above. 
Comparisons with the Observations
The calculations and the experiments regarding the orbits of the solar cosmic ray particles incident to the earth under the influence of the earth's dipole magnetic field have been carried out extensively (Firor, 1954; Jory, 1956; Lust, 1957; Brunberg, 1956 ).
When we compare the observed facts on the solar cosmic rays with these theoretical or experimental results, we can see that both they agree considerably. Therefore, it is concluded that the most of the particles arrive at the earth from the directions of the sun or its neighbourhood and that for the above explanations it is neccesary that there is no magnetic field between the sun and the earth. In facts, in order to get the agreement mentioned above, the intensities of the magnetic fields between the sun and if any (Dorman, 1958; Parker, 1958a) .
The asymptotic vectors of the orbits of the solar cosmic rays calculated in the last section show a tendency to spread westward in the heliomagnetic longitude. In consequence, if the dipole magnetic field of the sun is predominant in the solar system , it seems to be impossible to interpret the unusual increases of the cosmic rays. Moreover, the observations which these unusual increases of the cosmic rays have been accompanied with the large flares seen in the western sides on the whole of the sun conflict decisively with the results obtained in the last section ( In the next place, we suppose that the direction of the magnetic dipole moment of the sun is the same as that of the earth. While this supposition conflicts with the observations by Babcock et. al. (1955; , it seems that the observed facts on the solar cosmic rays are interpreted on the whole even if the dipole moment of the sun is of the order of magnitude estimated previously. That is, there is no contradiction between the unusual cosmic ray increases associated with the large solar flares in the western sides of the sun and the existence of the dipole magnetic field of the sun.
However, it is impossible to suppose that the direction of the solar dipole is the same as that of the earth because there are the definite evidences observed by Babcock et. al. (1955; . Therefore, as the existence of the dipole magnetic field of the sun and the turbulent magnetic fields of the magnitude estimated previously, too, make the clear anisotropy in the beginning of the cosmic ray unusual increases impossible, it must be again considered in what manner these solar magnetic fields spread into the outer space surrounding the sun.
The Solar General Magnetic Fields and the Properties of the Interplanetary Space
It has been made clear in sections 2 and 3 that the supposition of the dipole magnetic field of the sun in the interplanetary space is contradictory with the phenomena of the solar cosmic rays. As it is not favourable to interpret the phenomena of the solar , cosmic rays even if the dipole field is turbulent chaotic by some mechanisms, it may be expected that the distribution of the solar magnetic fields must be restricted in the interplanetary space. The observations of the solar cosmic rays show that, in the beginning of the increases, they show a very clear anisotropies with respect to their incidence to the earth and thereafter remove to the isotropic incidence gradually.
But, it is difficult to conclude that the degrees of the anisotropic incidence in the initial stage are similar to all the solar cofmic rays associated with the large solar flares of the past five times.
While the anisotropies in the cases of the cosmic ray unusual increases on February 23, 1956 and July 25, 1946 were not very sharp, those of the other three events were very clear (Firor, 1954; Lust and Simpson, 1957) . This fact seems to show their relation to the solar activity.
On the occasions of the cosmic ray unusual increases, the impact zones and the background zones are produced on the earth and then the features of the intensity variations in the both regions are considerably different.
The increasing rates in the impact zones are sharp compared with those of the background zones and the so-called K. SAKURAT "half lives" in the intensity decline are about 2 .5 hours in the impact zones and 7.5 hours in the background zones, in the latter case being very slowly (Singer, 1958) . If the isotropic incidence is attained in the very early stage, the large differences between the both zones must be vanished quickly. However, as there are no such facts, we are tempted to suppose that the anisotropic distribution of the solar cosmic rays may be existent in the interplanetary space for the compratively long time. It has been shown ejected and trapped in the space around the earth for ten and several hours (Van Allen and Winckler, 1956; Winckler, 1957) . In consequence, after attained the isotropic distribution in the interplanetary space, the solar cosmic rays are trapped in this space for the relatively long time.
On the other hand, from the view point of the solar observation, polar rays seen on the higher latitudes of the sun appear to be variable following the solar activity.
Gold (1958) has shown from the consideration on the features of these polar rays that the magnetic field of the dipole character in the equatorial regions of the sun may extend into the outer space and produce the coronal streamers near the sun, and that the general magnetic fields of the sun, even if that of the dipole character, extend radially outward from the equatorial regions embedded in the coronal streamers. The magnetic fields of the tongue type like this have been used for the purpose of the explanations on the solar cosmic rays by Cocconi et. al. (1958) . It may be able to show the possibility of producing a kind of such fields hydromagnetically. In the polar regions on the sun, since the magnetic fields of the dipole character with intensity of the order of one gauss are always been found, we may suppose that the magnetic fields there are very regular in the outer space spread from these regions.
In general, although it seems that the rotating celestial body which has the dipole magnetic field may produce the magnetic cavity around it by the interaction with the ionized gases moving in the outer space (Dungey, 1958) , it can be expected that the cavity, if any, is always broken in the lower latitude zones since the sun is violently disturbed following the solar cycle and the ejections of the ionized gases seem to develop in these zones for all times. Consequently, it is possible to adopt such a model that the general magnetic fields in the equatorial regions extend radially outward into the interplanetary space. It is, however, a room to discuss whether the fields spreading radially are fairly regular or not, because, even if the general magnetic fields produced between the sun and the earth and, accordingly, the above intensities are not favourable for the explanation of the solar cosmic rays. It may be inferred that there are the small irregularities superposed on the regular magnetic fields (Dorman, 1958) , Moreover, it can be expected that the lines of force of the general magnetic fields of the sun which extend radially outward into the interplanetary space from the cavity are dragged and distorted under the influence of the solar rotation and then become a kind of the spiral forms (Cocconi et, al., 1958; Parker, 1958b; 1958c are forbidden in all directions.
The minimum momentum of the particle which is ejected radially outward from the circle with radius r', its orbit being connected with infinity, is given by Pmax/4.
where Pr is equal to Pmax/4.
Consequently, it follows that in the lower latitudes of the sun only the particle with momentum larger than a few thousands Bev/c can leave the dipole magnetic field of the sun. From the above results, it may be suggested that the general magnetic field of the sun must be also considerably different from the dipole character in order that the most of the cosmic rays associated with the large solar flares arrive at the earth from the directions of the solar neighbourhood.
The relation between the distance r' from the center of the sun and the momenta of Pmax, Pmin, and Pr at that point is shown in Fig. 4 in the case which the solar dipole It follows from this figure that the limiting momenta Pmax, Pmin, Pr in the case of general cosmic rays as the effect of the dipole magnetic field of the sun though such explanation was tried by Janossy (1937) and others.
From the above results, we adopt the sphere with radius 1/5a.u. since the orbit of the particle with 4 Bev/c is opened to infinity from this sphere surface as shown in 
